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Table S1. Tap water hardness concentration by study area 

Area 
Hardness (CaCO3 mg/L) 

n 
Min Max Median Mean SD 

Africa 26.4 481 230 259 179 9 

Europe 0.053 413 160 168 97.8 77 

Asia 0.101 585 47.1 55.6 43.4 727 

Hawaii  125    1 

New Zealand 25.8 51.8 35.7 37.8 13.1 3 

SD: Standard deviation (1σ), Min: minimum, Max: maximum, n: number of points 
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Table S2. Results of tap water hardness and concentrations of Ca, K, Mg. and Na by country. 

Area Country n 

Hardness (CaCO3 mg/L) Ca K Mg Na 

Min Max Median Mean SD 
regulatory/guideline 

value 

(Mean ± SD mg/L) (Mean ± SD mg/L) (Mean ± SD mg/L) (Mean ± SD mg/L) 

Africa Ethiopia 2 46.2 87.1 66.6 66.6 29 300 1 16.5 ± 5.5 2.96 ± 2.02 6.18 ± 3.67 7.85 ± 0.30 

Africa Rwanda 1  26.4    300*, 600** 2 6.5 1.56 2.47 2.24 

Africa Zambia 6 226 481 396 362 112 500 3 86.6 ± 38.9 1.13 ± 0.31 35.1 ±5.3 19.9 ± 9.6 

The Americas 
United States 

(Hawaii) 
1  125    None set 4 19.1 3.75 18.6 27.6 

Asia China 7 92.3 154 109 114 20 450 5 37.0 ± 8.2 2.62 ± 0.33 5.16 ± 1.20 11.2 ± 3.0 

Asia Japan 665 0.1 200 46 48.9 25.8 300 6 14.2 ± 7.4 1.79 ± 1.32 3.28 ± 2.47 10.7 ± 9.7 

Asia Kazakhstan 4 4.82 93.8 70.4 59.9 38.4 700 7 18.6 ± 11.2 0.91 ± 0.44 4.37 ± 2.03 5.48 ± 4.38 

Asia Kyrgyzstan 1  151    700 8-10 48.4 1.99 7.37 11.1 

Asia Nepal 6 23.7 323 234 185 128 500 11 60.4 ± 42.0 11.3 ± 11.8 8.24 ± 6.21 30.6 ± 23.1 

Asia Philippines 4 115 333 140 182 101 300 12 39.7 ± 17.2 11.8 ± 2.8 20.2 ± 14.2 24.5 ± 11.6 

Asia Singapore 6 28.1 42.7 33.5 35.2 6.1 None set 13 12.0 ± 2.0 3.58 ± 2.03 1.26 ± 0.37 4.47 ± 2.34 

Asia Taiwan 14 30.8 224 105 108 64 300 14 28.4 ± 16.5 1.59 ± 1.06 9.07 ± 6.30 13.5±14.3 

Asia Thailand 19 19.7 585 145 164 122 300 15 43.5 ± 24.5 7.7 ± 10.9 13.3 ± 20.1 59.5 ± 104.5 

Asia 
United Arab 

Emirates 
1  60    300*** 16,17 16.3 1.82 4.7 49.9 

Europe Andorra 3 2.76 34.2 22.6 19.8 15.9 None set 18 7.26 ± 5.87 1.10 ±0.73 0.64 ± 0.11 10.7 ± 16.6 

Europe Armenia 1  61.2    700 19 14.1 2.18 6.29 13.6 

Europe Austria 8 123 413 159 192 94 None set 18 55.3 ± 22.7 0.82 ± 1.14 13.1 ± 9.2 5.58 ± 10.3 

Europe Estonia 3 71.1 218 153 147 74 None set 18 33.8 ± 13.1 2.49 ± 1.48 15.3 ± 14.3 6.05 ± 2.18 
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Europe France 16 66.2 280 188 178 68 None set 18 62.4 ± 25.5 1.56 ± 1.10 5.40 ± 5.29 22.7±22.7 

Europe Germany 11 112 300 207 187 71 None set 18 56.4 ± 22.9 3.39 ± 1.46 11.2 ± 6.4 26.9 ± 9.8 

Europe Hungary 1  213    None set 18 60.2 2.51 15.2 10.9 

Europe Poland 11 95.6 358 208 217 104 None set 18 70.1 ± 35.6 3.49 ± 1.90 10.2 ± 4.3 17.6 ± 10.4 

Europe Romania 1  84.1    None set 18 18.2 1.43 9.37 56 

Europe Sweden 3 1.37 152 114 89.1 78.2 None set 18 24.5 ± 20.8 2.99 ±3.32 10.1 ±7.2 12.7 ± 12.6 

Europe Spain 12 0.053 314 262 209 111 None set 18 62.7 ± 34.3 13.8 ± 8.4 13.9 ± 6.9 73.7 ± 41.7 

Europe Switzerland 4  232.8    None set 20 65.6 1.4 16.8 8.7 

Europe 
United 

Kingdom 
6 0.499 119 29.6 36.5 42.7 None set 18 12.5 ± 15.5 0.85 ± 1.23 1.89 ± 0.61 8.2 ± 12.3 

Oceania New Zealand 3 25.8 51.8 35.7 37.8 13.1 200 21 11.5 ± 5.1 2.58 ± 1.23 2.20 ± 0.10 12.0 ± 4.8 

SD: Standard deviation (1σ), Min: minimum, Max: maximum, n: number of points 

* treated potable water 

** natural potable water 

*** Depends on territory: 300 mg/L in Abu Dhabi16, Not set in Dubai17 
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Table S3. Concentrations of hardness and major cations (Ca, K, Mg, Na) in all 47 prefectures in Japan. 

Prefecture/Place 

Hardness (CaCO3 mg/L) 

n 

Ca 

(Mean±SD 

mg/L) 

K 

(Mean±SD 

mg/L) 

Mg 

(Mean±SD 

mg/L) 

Na 

(Mean±SD 

mg/L) 
Min Max Median Mean SD 

Hokkaido 13.1 105 29.9 36.2 19.8 46 9.71±4.62 1.41±1.08 2.91±2.63 9.43±6.29 

Aomori 8.41 46.7 22.6 26.7 12.0 11 7.03±4.24 1.47±0.60 2.22±0.74 14.7±7.81 

Iwate 15.2 118 63.3 58.9 29.1 15 17.0±7.4 1.23±0.78 4.00±3.61 8.15±5.92 

Miyagi 25.2 55.0 28.8 32.0 9.4 9 10.1±3.1 1.01±0.52 1.64±0.64 6.59±2.07 

Akita 21.5 44.5 30.3 31.7 8.2 4 9.09±3.32 1.07±0.47 2.19±0.51 8.62±1.22 

Yamagata 18.9 33.2 25.6 25.5 4.4 11 7.75±1.43 0.81±0.23 1.50±0.39 8.94±3.07 

Fukushima 5.84 68.7 29.2 31.0 17.0 25 9.61±5.38 0.99±0.50 1.70±1.03 4.85±1.75 

Ibaraki 14.2 90.9 57.9 55.8 20.4 29 15.1±5.0 3.38±2.15 4.38±2.42 14.4±8.2 

Tochigi 27.3 94.6 60.3 63.7 21.9 8 18.0±5.9 1.78±0.46 4.55±2.64 9.40±4.27 

Gunma 7.38 132 33.7 49.6 38.5 12 15.1±13.1 1.21±0.72 2.88±2.15 5.88±4.96 

Saitama 44.5 200 79.3 82.8 31.1 17 24.1±8.8 2.91±0.93 5.50±2.65 14.7±5.5 

Chiba 48.1 124 86.5 83.4 14.8 26 21.8±3.6 3.59±0.71 7.01±1.91 19.9±5.5 

Tokyo 28.0 83.9 70.5 65.8 16.3 22 20.2±4.3 2.40±0.95 3.72±1.45 12.4±4.2 

Kanagawa 1.16 98.2 54.6 56.2 18.5 33 15.9±4.9 1.06±0.48 4.15±1.60 7.48±5.11 

Niigata 7.62 120 40.7 42.7 27.7 17 12.0±6.8 1.43±0.95 3.09±3.12 8.50±3.29 

Toyama 17.3 75.6 30.6 35.6 15.9 16 12.0±5.7 0.81±0.44 1.40±0.79 7.67±8.95 

Ishikawa 19.0 109 44.4 49.5 25.4 10 15.5±9.8 1.37±1.60 2.64±1.23 12.9±16.4 

Fukui 19.5 55.9 34.5 35.3 13.0 7 10.3±3.8 1.08±0.66 2.31±1.63 9.92±6.82 

Yamanashi 13.9 107 44.4 45.7 24.6 24 13.5±8.5 1.37±0.69 2.90±2.19 8.05±8.28 

Nagano 14.8 152 46.8 57.0 36.8 24 14.9±7.6 2.16±1.26 4.82±4.97 9.68±8.15 

Gifu 6.76 62.2 29.1 30.2 18.1 8 10.1±6.4 0.81±0.56 1.21±0.97 3.35±1.65 

Shizuoka 17.4 92.5 47.1 50.3 16.5 21 15.0±5.4 1.23±0.52 3.13±1.29 6.27±2.55 

Aichi 0.464 91.4 27.9 33.7 26.3 15 9.39±6.38 1.21±0.65 2.86±3.07 8.44±5.15 

Mie 42.1 88.5 47.6 57.2 17.6 6 18.0±7.7 1.61±0.76 2.98±1.28 7.93±2.24 

Shiga 24.7 52.3 42.2 41.6 7.3 9 13.6±2.4 1.41±0.51 1.87±0.47 7.92±3.30 

Kyoto 25.5 56.3 46.4 45.3 9.2 11 13.4±3.8 1.76±0.72 2.89±0.83 10.9±3.2 

Osaka 40.8 53.2 50.6 48.6 4.2 7 15.3±1.9 2.73±0.63 2.51±0.35 15.4±4.1 

Hyogo 10.5 71.1 51.3 46.6 15.2 14 15.6±5.7 1.93±1.09 1.88±0.71 11.8±5.0 

Nara 18.0 30.9 23.4 23.9 5.2 4 7.69±2.14 1.13±0.79 1.15±0.19 4.97±0.67 

Wakayama 21.1 72.8 55.4 48.2 18.7 5 12.5±7.9 1.31±0.55 4.10±1.82 11.8±6.2 

Tottori 20.5 106 35.5 43.3 18.8 32 11.4±4.2 1.92±0.95 3.59±3.09 12.0±5.5 

Shimane 20.3 74.7 27.4 35.5 18.0 12 10.5±6.2 1.22±0.58 2.27±0.99 9.31±3.18 

Okayama 12.2 105 42.9 45.4 21.5 29 14.8±7.9 1.29±0.56 2.05±0.90 13.4±31.3 

Hiroshima 13.0 40.2 17.4 23.5 11.9 3 7.74±5.29 1.20±0.75 1.01±0.33 7.35±3.16 
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Yamaguchi 7.56 83.1 48.5 46.9 26.3 12 15.3±9.1 1.20±0.92 2.14±1.39 8.33±5.08 

Tokushima 60.7 63.1 61.9 61.9 1.2 2 21.0±0.4 0.97±0.25 2.33±0.63 5.04±1.36 

Kagawa 54.0 67.2 59.1 60.1 5.4 3 20.6±2.0 2.54±1.10 2.12±0.50 10.1±1.6 

Ehime 33.8 56.9 52.2 47.6 10.0 3 15.5±4.2 1.17±0.19 2.19±0.90 6.40±1.62 

Kochi 19.5 76.8 47.0 45.9 19.5 7 14.9±7.1 1.16±0.81 2.08±1.01 5.15±1.65 

Fukuoka 1.41 77.4 47.8 47.5 15.6 17 14.9±5.6 2.15±1.13 2.51±1.16 12.0±8.4 

Saga 14.4 53.1 34.1 33.9 14.1 4 10.2±5.0 1.92±1.39 2.04±1.00 10.0±3.2 

Nagasaki 0.400 87.0 45.2 44.5 23.5 8 12.0±7.2 1.09±0.76 4.03±1.47 8.58±5.48 

Kumamoto 39.8 101 75.6 72.2 19.2 10 19.0±6.0 4.40±2.44 5.99±2.18 14.5±6.7 

Oita 18.5 108 55.9 57.9 25.2 16 14.5±6.2 3.24±1.54 5.27±3.15 13.8±7.0 

Miyazaki 26.2 45.7 31.5 33.7 7.2 4 9.87±2.36 1.82±0.91 2.20±0.70 4.74±1.99 

Kagoshima 20.9 113 39.1 45.7 21.8 17 12.9±7.5 2.43±1.45 3.27±1.47 15.7±12.1 

Okinawa 0.101 186 65.4 68.1 38.6 16 20.8±14.3 1.84±2.27 4.16±1.34 22.0±11.5 

Train 54.5 84.7 61.5 65.5 12.0 4 19.8±5.0 2.87±1.19 3.92±0.58 12.2±3.5 

All 0.101 200 46.0 48.9 25.8 665 14.2±7.4 1.79±1.32 3.28±2.47 10.7±9.7 

SD: Standard deviation (1σ), Min: minimum, Max: maximum, n: number of points 
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Figure S1. Histogram of the sampled tap water hardness in Japan (n = 665). 
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